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			ABSTRACT

		

		
			Benzo(a)pyrene (BaP), a major component of cigarette smoke, has been found to be a potent human carcinogen. Recently, it has been shown to induce lung cancer metastasis. In the present study, we found for the first time that Baohuoside I (BHS-1), a natural flavonol glycoside inhibits BaP-induced A549 lung cancer metastasis by modulating the expressions of p-STAT3, COX-2, MMP-2, MMP-9, E-cadherin and N-cadherin. Moreover, we found that chronic BaP exposure promoted migration without enhancing the proliferation of cells and BHS-I was equally toxic to both BaP-treated and untreated A549 cells. Taken together, the data of present study indicate that BHS-I not only inhibits metastasis but also induces cell death in BaP-treated A549 cells. Therefore, BHS-I may become a potential lead compound for treatment of lung adenocarcinoma.
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			Introduction




			Lung cancer is one of the most common cancers both in term of prevalence and mortality worldwide (Roviello, 2015; Maryam et al., 2017; Gulzar et al., 2018). Approximately 1.4 million deaths occur per annum worldwide due to lung cancer, of which 0.6 million deaths occur only in China (She et al., 2013). Smoking has been considered as the major risk factor which is responsible for about 90% cases of lung cancer (Kamaraj et al., 2010). Benzo[a]Pyrene (BaP), a highly carcinogenic polycyclic aromatic hydrocarbon, is widely found in tobacco smoke, charcoal-grilled food, contaminated water and engine exhaust (Hung et al., 2015; Ba et al., 2015). It gets into human body mainly through inhalation and ingestion. Inhalation of BaP induces lung cancer while ingestion results in development of tumor in various organs including liver, gastric, lungs and mammary glands (Ba et al., 2015; Benford et al., 2010). It has now been categorized as Human Group 1 carcinogen by the International Agency for Research on Cancer (Ba et al., 2015). Recent research indicates that BaP promotes invasion and metastasis of lung cancer cells in vitro and in vivo by inducing the expressions of Twist (Wang et al., 2015), cyclooxygenase-2 (COX-2), matrix metalloproteinases (MMP-2 & -9) (Kamaraj et al., 2010) and epithelial-mesenchymal transition (EMT) related genes (Hung et al., 2015).

			Natural products are excellent source of biologically active molecules against various ailments. Plants have a long history of use in folk medicines. Plants’ secondary metabolites such as alkaloids, terpenes and polyphenoles have been shown to inhibit cancer progression by interfering with multiple mechanisms which are considered as the key mediators of various human cancers (Khan et al., 2015, 2016). Flavonoids are polyphenolic compounds, widely distributed in plants and exist as aglycone or glycosides. Modern research has shown that flavonoids are the potent anticancer compounds. Baohuoside I (BHS-1), a flavonol glycoside also termed as Icariside II, is one of the most important constituents of Herba epimedii and Cortex periplocae which are traditional Chinese medicines used to treat various ailments including cancer, inflammation, and neurological functions. BHS-I has been reported to exhibit anticancer activity against various human cancer cell lines through multiple mechanisms (Khan et al., 2015).

			In the present study, we found for the first time that BHS-I holds the promise to inhibit BaP-induced A549 lung cancer metastasis. The anti-metastatic activity of BHS-I was found to be associated with inhibition of STAT3 activation at tyrosine705 (Tyr705), decreased expression of Cox-2, MMP-2, MMP-9, and N-cadherin and increased expression of E-cadherin.




			Materials and Methods

			Reagents and antibodies

			BHS-I (purity >98%) was obtained from Tauto Biotech. Co., Ltd. (Shanghai, China). The chemical structure of BHS-I is shown in Figure 1A. BaP, propidium iodide (PI), calcein acetoxymethylester (Calcein AM), dimethyl sulfoxide (DMSO), [3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide] (MTT), Dulbecco’s Modified Eagle’s Medium (DMEM), fetal bovine serum (FBS), penicillin and streptomycin were purchased from Sigma (Beijing, China). Antibodies specific to p-STAT3, STAT3, COX-2, MMP-2, MMP-9 were purchased from Cell Signaling Technology (Shanghai, China) while antibodies specific to E-cadherin, N-cadherin and Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) were purchased from Proteintech (Wuhan, Hubei, China). Horseradish peroxidase-conjugated secondary antibodies (goat-anti-rabbit, goat-anti-mouse) were purchased from Santa Cruz (Beijing, China).

			Cell culture and treatments

			Human non-small cell lung cancer A549 cells were obtained from American Type Culture Collection (ATCC) and maintained in DMEM supplemented with 10% FBS, 100 units/mL penicillin and 100 μg/mL streptomycin at 37°C with 5% CO2 in humidified atmosphere. A549 cells were treated with 1μM BaP dissolved in DMSO for 4 weeks with a final DMSO concentration of 0.5%. The culture medium containing 1μM BaP was exchanged twice a week. BaP-treated A549 cells were designated as A549/B. A549/B cells were cultured in medium containing 1μM BaP for various experiments. To evaluate the anti-metastatic effect of BHS-1, cells were incubated with 15μM BHS-1 which was found to be non-toxic concentration. A549 cells were treated only with 0.5% DMSO.

			Determination of cell viability

			The effect of BaP on cell viability was determined by MTT assay as described by us previously (Khan et al., 2012a). Briefly A549 and A549/B cells were cultured in 96 well plate in triplicate in the presence or absence of 15 and 30 μM BHS-I for 24 h. Following treatment, 10 μL MTT (5 mg/mL) reagent was added and cells were further incubated at 37°C for 4 h. Subsequently medium was replaced and 150 μL DMSO was added to dissolve farmazan crystals and absorbance was measured at 570 nm by Synergy new microplate reader, BioTek. The percentage of cell viability was calculated as follows:

			[image: ]

			Live / dead assay

			The effect of BHS-I on A549 and A549/B cells death was evaluated by live/dead assay as described previously (Khan et al., 2012b). A549 and A549/B cells were cultured in 6 well plates and treated with IC50 (30 μM) of BHS-I which was determined through preliminary experiments with reference to the previous report (Song et al., 2012) for 24 h. Following treatment, the floating and adherent cells were collected, washed with phosphate buffered saline (PBS) twice and incubated in PBS solution containing 2 μM calcein AM and 4 μM PI in the dark for 20 min at room temperature. The cells were washed with PBS twice and re-suspended in PBS solution. The cells were analyzed for the fluorescence of calcein and PI by fluorescence microscope (Leica, DMI 4000B). Finally 100 cells were counted microscopically from 3 different areas for the percentage of live and dead cells. 

			In vitro cell migration assay

			In vitro cell migration was assessed by wound healing and transwell chamber assays. For wound healing assay, A549 and A549/B cells were cultured in 12 well plates for 24 h. The cells were then scraped with a sterile 200μL tip and washed with PBS to remove cellular debris. Fresh medium containing DMSO or BaP was added to respective wells. The cells were further incubated for another 24 h in the presence or absence of 15μM (non-toxic concentration) BHS-I. The movement of cells in scratched area was photographed by using Leica, DMIL LED inverted microscope equipped with a digital system at 0 and 24 h.

			For transwell chambers, cells were cultured and treated in a similar way for 24 h. Finally 1 × 105 cells in 200 μLof medium with 1% FBS were seeded in the upper transwell insert chamber containing a polycarbonate ﬁlter (6.5-mm diameter, 8-μm pores; Corning Costar, Corning, NY, USA). 600 μL DMEM with 10%FBS was added to the lower chamber and cells were further incubated for 24 h. The cells on the upper surface of membrane were removed carefully by cotton swabs. The cells on the lower surface was fixed with 4% paraformaldehyde, stained with crystal violet and observed under microscope. To quantify the migration ability of cells, three areas were randomly selected from each group and the number of cells was counted microscopically. 
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			Fig. 1. Effect of BHS-1 on proliferation and cell death of A549 and A549/B cells. A, Chemical structure of BHS-1; B, A549 and A549/B cells were treated with indicated concentrations of BHS-1 for 24 h and cell proliferation was determined by MTT assay. Data are expressed as Mean±SEM of 3 different experiments. Columns not sharing the same superscript letter differ significantly (P<0.05); C, A549 and A549/B cells were treated with 30 μM BHS-1 for 24 h and cell death was evaluated by live/dead assay; D, Data from live/dead assay are expressed as Mean±SEM of 3 different experiments. Columns not sharing the same superscript letter differ significantly (P<0.05).
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			Fig. 2. Effect of BHS-1 on BaP-induced cell migration: A, determination of migration ability of cells by wound healing assay as described in Materials and Methods section; B, determination of migration ability of cells by Transwell chamber assay as described in Materials and Methods section; C, statisctical analysis of data from Transwell chamber assay. Data from live/dead assay are expressed as Mean±SEM of 3 different experiments. Columns not sharing the same superscript letter differ significantly (P<0.05).




			Western blotting

			A549 and A549/B cells were treated with or without BHS-1 (15μM) for 24 h. Proteins were isolated from cells as described previously (Khan et al., 2012a) Protein concentrations were determined using enhanced BCA protein Assay kit (Beyotime, Nanjing, China) by spectrophotometer (Synergy new microplate reader, BioTek). Equal amount of proteins were separated on 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and transferred onto a polyvinylidine difluoride (PVDF) membrane. The membranes were blocked with 5% non-fat milk for 1 h at room temperature, washed three times with Tris-buffered saline with Tween-20 (TBST) and incubated with p-STAT3 (1:1000), STAT3 (1:1000), COX-2 (1:1000), MMP-2 (1:1000), MMP-9 (1:1000), N-Cadherin (1:500), E-Cadherin (1:500) and GAPDH (1:1000) antibodies overnight at 4°C. After washing three time with TBST, the membrane were incubated with horseradish peroxidase-conjugated goat anti-rabbit or -mouse IgG secondary antibodies for 1 h at room temperature. After washing with TBST, signals were detected using ECL plus chemiluminescence kit by DNR bioimaging system MicroChemi 4.2. GAPDH was used as loading control in every individual blot.

			Statistical analysis

			Data are expressed as mean±SEM of three different experiments and statistically compared with control group or within the groups using one way ANOVA followed by Tukey’s Multiple Comparison Test and P < 0.05 was considered statistically significant.




			Results

			Effect of BaP on cell proliferation

			The effect of BaP on A549 cell proliferation was determined by MTT assay. In order to investigate the effect of long term BaP treatment on cell proliferation, A549/B cells were exposed to 1μM BaP for 4 weeks and their proliferation was compared with DMSO treated A549 cells. No significant difference in growth rate of A549/B and A549 cells was observed as shown in Figure 1B. Moreover, 1μM BaP treatment did not induce any morphological change or cytotoxic effect in A549/B cells.

			BHS-I inhibits growth and induces cell death both in A549 and A549/B cells

			Cigarette smoking has been shown to confer drug resistance in lung cancer patients (Vu et al., 2016). Therefore, the cytotoxic effect of BHS-I on A549 and A549/B cells were evaluated by MTT and live/dead assays. For this, A549 and A549/B cells were cultured in medium containing DMSO and BaP for 24 h. The cells were then treated with 30μM BHS-I for 24 h and cell viability was determined by MTT and live/dead assays. The data demonstrated that BHS-I was equally toxic to both A549 and A549/B cells indicating that BaP did not enhance anti-apoptotic potential of A549/B cells. The results have been shown in Figure 1B and C.

			BHS-I inhibits BaP-induced migration in A549/B cells

			BaP has been reported to enhance migration in A549 lung cancer cells (Wang et al., 2015). In agreement with previous reports, long term exposure of cells to relatively low dose of BaP enhanced migration of A549/B cells as assessed by wound healing and transwell migration assays. Next we wonder if BaP-induced migration could be inhibited by BHS-1. The data showed that BHS-1 significantly inhibited the migration ability of A549/B cells as evident by wound healing and transwell migration assays (Fig. 2).
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			Fig. 3. Western blot analysis of STAT3 activation: A, A549 and A549/B cells were treated with DMSO and BHS-1 (15μM) for 24 h and expression and phosphorylation of STAT3 was determined by Western blot analysis; B, protein expressions of p-STAT3/STAT3 from 3 different experiments. Columns not sharing the same superscript letter differ significantly (P<0.05).




			BHS-I inhibits BaP-induced STAT3 activation in A549/B cells

			Signal transducer and activator of transcription 3 (STAT3) is a cytoplasmic transcription factor which has been implicated in tumor cells proliferation, survival, angiogenesis, invasion, migration and epithelial to mesenchymal transition (EMT) (Grivennikov and Karin 2010; Khan et al., 2015). Therefore, we measured the activation of STAT3 at Tyr705 in A549/B cells by Western blot. The data showed that BaP treatment activated STAT3 by inducing phosphorylation at tyrosine 705 (Y705) in A549/B cells. Next we asked if BaP-induced phosphorylation of STAT3 could be inhibited by BHS-I. As shown in Figure 3, BHS-I reversed BaP-induced phosphorylation of STAT3 in A549/B cells.

			BHS-I decreases BaP-induced COX-2 expression in A549/B cells

			Cox-2, a powerful mediator of cancer invasion and metastasis has been reported to overexpress in about 85% of lung cancer cases (Sandler and Dubinett, 2004; Kamaraj et al., 2010). Here we found that BaP significantly increased the expression of COX-2 in A549/B cells compared to DMSO treated A549 cells. This BaP-mediated increased expression of COX-2 was effectively inhibited by BHS-I as shown in Figure 4.

			BHS-I decreases BaP-induced MMP-2 and -9 expressions in A549/B cells

			MMP-2 and MMP-9 are matrix metalloproteinases that play vital role in cancer invasion and metastasis by degrading extracellular matrix (ECM) components (Khan et al., 2016). COX-2 expression has been positively associated with MMP-2 and -9 expressions (Kamaraj et al., 2010). Therefore, we measured the expression of MMP-2 and -9 in A549 cells. That data showed that BaP treatment enhanced the expression of MMP-2 and -9 in A549/B cells compared to DMSO-treated A549 cells and this increased expression was significantly suppressed by BHS-I (Fig. 4).

			BHS-I inhibits BaP-induced EMT in A549/B cells

			The epithelial-mesenchymal transition (EMT) is a crucial event of the invasion-metastasis cascade (Palmirotta et al., 2016). EMT is a cellular phenomenon in which epithelial markers such as E-cadherin are down-regulated while mesenchymal markers such as N-cadherin and vimentin are up-regulated (Vu et al., 2016). Therefore, we measured the expression of E-cadherin and N-cadherin in A549 cells. The data demonstrated that BaP treatment decreased the expression of E-cadherin and increased the expression of N-cadhern in A549/B cells. As shown in Figure 5, BaP-induced EMT was effectively inhibited by BHS-I.
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			Fig. 4. Modulatory effect of BHS-1 on expression of Cox-2, MMP-2 and -9 in response to chronic exposure of BaP: A, A549 and A549/B cells were treated with DMSO and BHS-1 (15μM) for 24 h and expressions of Cox-2, MMP-2 and -9 were determined by Western blot analysis; B, protein expressions from 3 different experiments were quantified by densitometry analysis. Similar superscript letters having * differ significantly with similar superscript letters without * at P<0.05.




			Discussion




			Metastasis, the hallmark of malignant tumors is responsible for about 90% of cancer patient deaths. It is believed to be the most challenging obstacle to successful chemotherapy of cancer patients (Jiang et al., 2011; Khan et al., 2016). The relationship between cigarette smoking and poor prognosis of lung cancer has now been well established. BaP, one of the major components of cigarette smoking, has recently been reported to induce lung cancer metastasis (Kamaraj et al., 2010; Huang et al., 2015; Wang et al., 2015). The present study was designed to reverse the BaP-induced metastatic potential of A549 lung cancer cells by natural compounds. For this, we have established A549/B cell line from parental A549 cell line by chronic exposure to BaP for 4 weeks. A549/B cells were found to share similar growth rate and morphological characteristics with parental cells however, were found to exhibit significantly higher migration rate compared to parental cells. Moreover, we found that BHS-1, a natural flavonol glycoside could effectively inhibit BaP-induced metastasis in A549/B cells. To characterize in detail the molecular mechanism by which BHS-1 inhibits BaP-induced migration of A549/B cells, we measured the expressions of various proteins involved in cancer metastasis in both parental A549 and A549/B cells in the presence or absence of BHS-1.
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			Fig. 5. Modulatory effect of BHS-1 on BaP-induced EMT: A, A549 and A549/B cells were treated with DMSO and BHS-1 (15μM) for 24 h and expressions of N-cadherin and E-cadherin was determined by Western blot analysis; B, protein expressions from 3 different experiments were quantified by densitometry analysis. Similar superscript letters having * differ significantly with similar superscript letters without * at P<0.05.




			Several lines of evidence suggest that inflammation is one of the major players of cancer development and metastasis (Bremnes et al., 2011; Wang et al., 2012). STAT3, a major mediator of inflammation has been reported to overexpress in several cancer types. Accumulating evidence has suggested that aberrant expression and activation of STAT3 has been implicated in lung cancer progression, drug resistance and metastasis (Khan et al., 2015; Lee et al., 2015; Nan et al., 2014). Other research reports indicate that cigarette smoking can induce STAT3 activation and inflammation in human bronchial epithelial cells (Liu, 2007). Impressed by the above mentioned research reports, we were interested to know whether BaP, a major component of cigarette smoke could induce STAT3 activation in A549/B cells. Our data demonstrated that BaP increased phosphorylation of STAT3 which was effectively reversed by BHS-1. Our finding are further supported by previous research reports where BHS-1 has been shown to inhibits STAT3 activation in A375 human melanoma, A431 human epidermoid carcinoma,U266 multiple myeloma and U937 acute myeloid leukemia cells (Khan et al., 2015).

			Once activated, STAT3 translocates into nucleus where it controls the expression of target genes important for cell proliferation, survival, drug resistance, angiogenesis, invasion and metastasis (Yue and Turkson, 2009). COX-2, one of the STAT3 downstream transcription factors and main mediator of inflammation, over-expresses in a wide range of human cancers and is closely associated with inflammation, angiogenesis and cancer metastasis (Khan et al., 2015). Here we found that BaP induced the expression of COX-2 in A549/B cells while BHS-1 suppressed the induced expression of COX-2.

			Matrix metalloproteinases (MMPs) are a family of zinc binding proteolytic enzymes that play fundamental role in normal physiological processes such as embryonic development, wound healing, angiogenesis as well as in several pathological processes such as carcinogenesis (Kim et al., 2008). Because of their ability to degrade components of extracellular matrix (ECM), they are implicated in invasion and metastasis of wide range of human cancers (Pietruszewska et al., 2016). Among various members of MMPs, MMP-2 (Gelatinase-A) and -9 (Gelatinase-B) consistently express in malignant tissues and play vital role in cancer invasion and metastasis (Kamaraj et al., 2010). In the present study, we sought to clarify if the expression of MMP-2 and -9 is modulated during BaP-induced metastasis of lung cancer cells. We found higher expression of MMP-2 and -9 in A549/B cells compared to A549 cells. This BaP-mediated expression of MMP-2 and -9 was attenuated by supplementation of BHS-1.

			EMT is a phenomenon in which epithelial cells lose their polarity and ultimately acquire mesenchymal phenotype. During EMT, expression of epithelial markers such as E-cadherin decreases and expression of mesenchymal markers such as N-cadherin and vimentin increases. EMT plays vital role in embryonic development, wound healing and cancer progression. Among EMT markers, down-regulation of E-cadherin has been considered as the hallmark of EMT (Palmirotta et al., 2016; Vu et al., 2016). EMT is a crucial event of the invasion-metastasis cascade. Epidemiological studies have shown that in smokers higher expressions of mesenchymal markers and decreased expression of epithelial markers have been detected compared to non-smokers (Milara et al., 2013; Sohal et al., 2010; Vu et al., 2016). Very recently Li et al. (2016) have shown that in vitro exposure of cigarette smoke extract could promote EMT in lung cancer cells. Moreover, increased EMT has been detected in patients of chronic obstructive pulmonary disease which is mainly caused by smoking. In line with the previous findings, here we found that BaP, a component of cigarette smoke increased the expression of N-cadherin and decreased the expression of E-cadherin in lung cancer cells. This BaP-induced EMT was effectively inhibited by BHS-1.

			Conclusion




			In conclusion, the findings of our study indicate that BaP might hold the answer at least to some extent to the adverse effects of smoking particularly in poor prognosis of lung cancer patients. Moreover, our data showed that BHS-1 effectively inhibits BaP-induced A549 lung cancer cells metastasis in vitro by STAT3 inactivation, decreased expression of COX-2, MMP-2, and -9 and inhibition of EMT. Thus BHS-1 might be developed into a novel anti-cancer and anti-metastatic agent for lung adenocarcinoma.
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Benzo(a)pyrene (BaP), a major component of cigarette smoke, has been found to -,
be a potent human carcinogen. Recently, it has been shown to induce lung cancer
metastasis. In the present study, we found for the first time that Baohuoside I (BHS-
1), a natural flavonol glycoside inhibits BaP-induced A549 lung cancer metastasis
by modulating the expressions of p-STAT3, COX-2, MMP-2, MMP-9, E-cadherin
and N-cadherin. Moreover, we found that chronic BaP exposure promoted migration
without enhancing the proliferation of cells and BHS-I was equally toxic to both

BaP-treated and untreated A549 cells. Taken together, the data of present study
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indicate that BHS-I not only inhibits metastasis but also induces cell death in BaP-
treated A549 celliINTRREIBE GBHENnay become a potentialrétaibd goypsuddnforer al., 2015).

treatment of lung adenocarcinoma.

ung cancer is one of the most common cancers

both in term of prevalence and mortality worldwide
(Roviello, 2015; Maryam et al., 2017; Gulzar et al.,
2018). Approximately 1.4 million deaths occur per annum
worldwide due to lung cancer, of which 0.6 million deaths
occur only in China (She ef al., 2013). Smoking has been
considered as the major risk factor which is responsible
for about 90% cases of lung cancer (Kamaraj et al., 2010).
Benzo[a]Pyrene (BaP), a highly carcinogenic polycyclic
aromatic hydrocarbon, is widely found in tobacco smoke,
charcoal-grilled food, contaminated water and engine
exhaust (Hung et al., 2015; Ba et al., 2015). It gets into
human body mainly through inhalation and ingestion.
Inhalation of BaP induces lung cancer while ingestion
results in development of tumor in various organs including
liver, gastric, lungs and mammary glands (Ba et al., 2015;
Benford ef al., 2010). It has now been categorized as
Human Group 1 carcinogen by the International Agency
for Research on Cancer (Ba et al., 2015). Recent research
indicates that BaP promotes invasion and metastasis of lung
cancer cells in vitro and in vivo by inducing the expressions
of Twist (Wang ef al., 2015), cyclooxygenase-2 (COX-2),
matrix metalloproteinases (MMP-2 & -9) (Kamaraj et
al., 2010) and epithelial-mesenchymal transition (EMT)

Natural products are excellent source of biologically
active molecules against various ailments. Plants have a
long history of use in folk medicines. Plants’ secondary
metabolites such as alkaloids, terpenes and polyphenoles
have been shown to inhibit cancer progression by interfering
with multiple mechanisms which are considered as the key
mediators of various human cancers (Khan ef al., 2015,
2016). Flavonoids are polyphenolic compounds, widely
distributed in plants and exist as aglycone or glycosides.
Modern research has shown that flavonoids are the potent
anticancer compounds. Baohuoside I (BHS-1), a flavonol
glycoside also termed as Icariside II, is one of the most
important constituents of Herba epimedii and Cortex
periplocae which are traditional Chinese medicines used to
treat various ailments including cancer, inflammation, and
neurological functions. BHS-I has been reported to exhibit
anticancer activity against various human cancer cell lines
through multiple mechanisms (Khan et a/., 2015).

In the present study, we found for the first time that
BHS-I holds the promise to inhibit BaP-induced A549
lung cancer metastasis. The anti-metastatic activity
of BHS-I was found to be associated with inhibition of
STAT3 activation at tyrosine705 (Tyr705), decreased
expression of COX-2, MMP-2, MMP-9, and N-cadherin
and increased expression of E-cadherin.





OEBPS/Images/3.png
A549 AS549/B A549/B+BHS-1

)

o) a
: c
g 50
=
z
]
)
C A549  AS549/B  A549/B

+BHS-1





